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ART. XVllI.-Phystea and Hydraultea 0/ the HilNBippi R'iwr.* 

THE volume with the subjoined title constitutes No.4, of Pro· 
fessional Papers of the Corps of Topographical Engineers, U ni· 
ted States Army, and is published by authority of the WarDe
partment, Bureau of Topographical Engineers. It requires but 
a cursory examination to authorize the conclusion that this work 
is the most important one ever issued by this Bureau, and one 
of the most profoundly scientific publications ever published by 
the U. S. Government. The authors, commencing with a quota· 
tion from one of Franklin's letters to the Abbe Souliave as their 
motto,-" I approve much more your method of philosophizing 
which proceOOs upon actual obServation, makes a collection of 
facts, and concludes no further than those facts will warrant,"
seem to have adhered to it literally, collecting a mass of facts 
and statistics which must ever remain a monument to their un· 
wearied industry and patient accuracy. But we cannot present 
a better idea of the obJect and scope of the work before us than 
by citing the following extracts from the able introductory letter 
of Capt. Humphreys: 

"Some reference to the state of the question of protection 
against inundation, at the time when the survey of tne Missis· 
sippi Delta was begun, appears to be proper here, in order that 
th.e necessity of such extended and laborious investigations as 
were made may be appreciated, and that it may be understood 
how absolutely essentIal it was in every division of the subject 
to collect fact upon fact, until the assembl~e of all revealed 
what were and what would be the true conditIons of the river in 
every stage that it had passed through or could attain, and thus 
to substitute observed facts, and the laws connecting them, for 
assumed or imperfectlyobserved data and theoretical speculations. 

A wide discretion was necessarily entrusted to the officer in 
charge of the Mississippi Delta Survey. I entered upon the ex· 
ecution of that duty with an apprehension that the laws offiow· 
ing water in natural channels, as enunciated in treatises upon 
the hydraulics of rivers, were not based upon sufficiently ex· 
tended experiments upon natural streams, and hence that the 
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formulre found in them, could not be relied upon for the solution 
of the questions upon which the plans of protection against in
undation from overflow depended. The system of measure
ments and investigations carried on at Carrolton, Louisiana i 
Vicksburg, Mississippi i and Columbus, Kentucky i while it was 
intended to render the solution of the problem of the protection 
of the alluvial region of the MississippI against inundation inde
pendent of the laws and formulre of the books, was at the same 
time designed, in connection with other parts of the Survey, to 
afford the means of determining, by experiments on a far more 
extended scale than any ever before attempted, the laws gov
erning the :How of water in natural channels, and of exprel3sing 
them in formulre that could be safely and readily used in practi
cal applications. The success that has attended this part of the 
work has even exceeded my expectations. Laws have been re
vealed that were before unknown; new formulre have been pre
pared, possessing far greater precision than the old i and improved 
methods of gauging streams have been devised. 

But the imperfect state of the science of hydraulics as applied 
to rivers was not the only difficulty to be encountered in the ex
ecution of the duty imposed upon the officer in charge of this 
work. The much agitated question of the best method of pro
tection against inundation had been always discussed upon as
sumed data, and the truth of the very groundwork upon which 
these discussions rested had to be experimentally investigated by 
this Survey. For instance, the Mississippi had always been re
garded as flowing through a channel excavated in the alluvial 
Boil formed by the deposition of its own sedimentary matter. 
So important an assumption was inadmissible i and great pains 
were accordingly taken to collect specimens of the bed wherever 
soundings were made, and by every means to ascertain the depth 
of the alluvial soil from Cape Giradeau to the Gul£ This inves
tigation has resulted in proving that the bed of the Mississippi 
is not formed in alluvial soil, but in a stiff, tenacious clay of an 
older geological formation than the alluvion, and that the sides 
of the channel do not consist of homogeneous material i facts 
that have an important bearing upon aU plans of protection. 

Further, it was held by the advocates of the exclusive use of 
artificial embankments that the levees of Louisiana had alread, 
lowered the bed and floods of the Mississippi river, and that theIr 
extension throughout the alluvial region above would still fur
ther lower the floods by deepening the bed and reducing the 
slope of the river. The advocates of outlets, on the contrary, 
contended that the experience of many centuries, on the Po, 
proved that levees had raised the bed and floods of that river
to such an extent, indeed, that it was impracticable any longer 
to protect the country, except by opening new channels to the 
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sea. This conclusion appeared to be sustained on the authority 
of two distinguished names, Cuvier and de Prony. While the 
investigations of the Delta Survey baverendered untenable that 
position of the advocates of the exclusive use of levees on the 
one hand, the investigations of the Chevalier Elia. Lombardini 
have shown the supposed facts advanced by the latter class to be 
entirely erroneous, and their apprehensions to be unfounded. 

The effects of cut-offs were likewise the subjects of contro
versy among engineers, a controversy which the measurements 
of the Delta Survey must set at rest, since they demonstrate that 
cut-oft's raise the floods below them, a conclusion sustained by the 
well·established effects of such works u,Pon the Po and Adige. 

Outlets were ad voca.ted by some engmeers because they were 
considered a ready and inexpensive means of reducing the 
floods. On the contrary, they were objected to by others be
cause, as they claimed, outlets would raIse the bed and floods of 
the river. 'rhe investigations of the Delta Survey prove that 
outlets, in the few localities where they are practicable, may be 
made to reduce the floods to any desired extent in certain divis
ions of the river j but that they would not be inexpensive, and 
would entail dangers and disasters which should not be risked. 
These conclusions, it is shown, are sanctioned by the experience 
of Europe, upon the Po, the Rhine, and the Vistula. 

The effect of a great swamp like that of the Yazoo upon the 
floods of the Mississippi, a subject that has formed the theme of 
speculation for at least thirty years, has also been established by 
the collection of facts j as likewise the law governing the rise, 
fall, and discharge of the river throughout the alluvial region; 
the manner in which the flood is propagated; the modifications 
introduced by tributaries; the succession of river stages j the 
drainage of its basin and that of its tributaries; the proportion 
of drainage to downfall; and the discharge of outlets: in fact, 
every river phenomenon has been experimentally investigated 
and elucidated. 

Thus every important fact connected with the various physi. 
eal conditions of the river and the laws uniting them being ascer· 
tained, the great problem of protection against inundation was 
solved. 

At the mouths of the river, a similar course has resulted in 
the development of the law under which the bars are governed, 
the depth upon them maintained, and the regular advance into 
the gulf continued; and, as a consequence, the principles upon 
which plans for deepening the channels over them should be 
based, and the best mode of applying them. The rate at which 
the river progresses into the gulf, and the extent, thickness, and 
relative level of the alluvial formation having been ascertained, 
its probable age has been estimated j and the ancient form of 
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the coast, and the changes that have taken place in the present 
geological age, have been surmised. 

The Report exhibits in detail the investigation of each of these 
subjects, and many others not enumerated in this letter. Based 
upon extended survey and investigation in the field, made at 
times under circumstances of great exposure, it contains the re
sults of many years labor, comprising laborious office work, 
extended research, patient investigation, and exhaustive mental 
effort." 

The first chapter treats of the great basin of the Mississip{li 
River as well as the basins of its numerous tributaries, theIr 
slope, dimensions of cross· section, range, navigation, succession 
of stages, topography, geology and growth of the bottom lands, 
floods, &c. 

II The Mississippi drains the greater part of the territory of 
the United States lying between the Alleghany and the Rocky 
Mountains. Its basin, more than e(J.ual in area to the whole con
tinent of Europe, exclusive of RUSSIa, Norway, and Sweden, is 
greatly diversified in features, in soil, in climate, and in produc
tions. A knowledge of the hydrographic relations of the differ
ent {m,ts of this basin to the main river is essential to a full ap
preCIation of all the elements of the problem, the solution of 
which forms the subject of this report. The region is too vast 
and diversified to be treated under a single head, and some con
venient and natural subdivision is therefore to be sought. 

The true Mississippi river begins at the confluence of the 
Missouri and Upper Mississippi. It has eight principal tributa
ries, which, in the order of the mnoanitude of their basins, are 
the Missouri, the Ohio, the Upper Mississippi, the Arkansas, the 
Red, the White, the YAZOO, and the St. Francis. It may excite 
some surprise that the two latter are included in this category, 
but it will be hereafter seen that, although comparatively small 
streams, they are important from their position and -volume of 
discharge. Just below the confluence of Red River is found the 
first of the bayous which, fed by the Missi~ippi, discharge into 
the gul£ Below this point the Mississippi receives no appreci
able increase from tributaries i it may, therefore, for these two 
reasons be considered the heM of the delta. 

The delta and the basins of the eight tributaries form natural 
subdivisions of the great basin. They include the whole area 
except the small basins of several comparatively unimportant 
branches which may be classed together under one general head
ing. As it is proposed to state, in this chapter, such facts in 
relation to these several subdivisions as shall exhibit their hldro
graphic relations to the main river, it is, in some sort, an mtro
duction to the report. 
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Missouri Bast'n.-This is much the largest of any of the trib· 
utary basins of the Mississippi, and differs from all the rest in 
containing a large area.covered by lofty'mountain chains. The 
river issues from the Rocky mountains in many branches, which 
form a series of large rivers that flow through the great unculti· 
vated plains. Comparatively little rain falls upon the mountains 
and the plains, and hence the size of the main river is dispro· 
portionately small, when the drainage area alone is considered. 
Its annual discharge is only about three· quarters of that of the 
Ohio, although its basin is nearly two and a half times as large. 
After passing the 98th meridian, the banks of the river become 
more and more fertile, and the region through which it passes 
gradually changes from an uncultivated waste to a populous 
country. The total area of the basin, including the mountains, 
the plains, and the fertile region, is 518,000 square miles. 

Missouri River.-Ascending the river, the Missouri is found to 
divide at Fort Union into two main branches of about equalsize, 
the Yellowstone and the Upper Missouri. About 265 miles 
above its mouth, the former again divides into two nearly equal 
branches, the Big Horn and the Upper Yellowstone. The Up. 
per Missouri remains a single stream to within about 100 miles 
of its sources, where it divides into three forks, named Jeffersont 
Madison, and Gallatin. It was first explored to the sources of 
Jefferson fork by Captains Lewis and Clarke, U. S. A., in 1806. 
When returning, Captain Clarke followed up Gallatin's fork a 
short distance, crossed over to the Yellow Stone near where it 
issues from Snow mountains, and ~assed down the river in ca· 
noes to its mouth. The next expedition was conducted in 1838 
by Captain Bonneville, who then explored a portion of the Big 
Hom river. The maps of this region made by these early ex· 
plorers have been superseded by more accurate surveys, con· 
ducted chiefly upon the Upper Missouri branch by detacnments 
of Governor Stevens' Pacific Railroad party, in 1858; but so far 
as a knowledge of the sources of the Missouri river are con· 
cerned, very little additional information had been acquired pre· 
vious to the year 1859. At this date, a party under ~t. W. 
F. Raynolds, U. S. Topl. Engrs., was organized by the War De· 
partment, to explore tlie region. This party accurately mapped 
the Yellowstone from its mouth to the point where it issues 
from the Snow mountains j the Big Hom to its sources; the 
Madison fork to its sources; and acquired definite information 
respecting the Gallatin fork and' the Upper Yellowstone. The 
report has not yet been published, but throllgh the kindness of 
Captain Raynolds, with the sanction of the War Department, the 
following facts have been communicated: 

In lat. 48° 80' and long. 110° 00' a mountain rises to some 
Ax. JOUR. SOI.-SBOOIm SUIBS, VOL. xxxm, No. 98.-lluIOJI, 1862. 
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14,000 feet above the level of the sea. It is named by Capt. 
Raynolds, Union Peak, because water trickling from its north
ern side flows into the Mississippi, from its southern side into the 
Great Colorado, and from its western side into the Columbia. 
Within one degree of longitude westward and about one degree 
of latitude northward from this peak are four of the sources of 
the Missouri, where the Big Horn, the Yellowstone, and the 
Madison and Gallatin forks take their rise. 

The Big Hom (here called Wind river) flows south-eastwardly 
to long. 1080 80', through a narrow bottom land, varying from 
one to three miles in width, bounded on the south side by the 
impassable Wind-river chain, and on the north by an elevated 
prairie rising into mountains. It is then joined by the Popo 
Agie and turning abruptly toward the north, forces its way 
through the Big Hom mountains, here forming a double chain, 
to the prairies bordering upon the Yellowstone. 

The Madison fork flows northward, chiefly through a rugged 
defile, to the junction of the three forks; where it is joined first 
by the Jefferson fork. This is rather the larger river of the two, 
and heads among beautiful Rocky mountain valleys, about two 
degrees of longitude farther to the westward. Neither of these 
streams is fordable near its mouth. About half a mile below 
their junction, the Gallatin fork, smaller than either of the 
others, enters from the southeast. These three forks unite in an 
extensive plain surrounded by lofty mountains. The united wa
ters soon enter, and for nearly a degree of latitude traverse a 
succession of mountain valleys and enormous cafions. 

Between the Big Horn and Upper Missouri branches, in long. 
1100 80' and lat. 440 80', the Upper Yellowstone has its source 
in a lake, as yet only visited by trappers and Indians, whence it 
plunges through an impassable gorge to the highest point visited 
by Capt. Raynolds' party. From this point, where it is two hun
dred yards wide and six feet deep, it winds to the northeast, 
through a narrow valley, to the mouth of Clarke's fork. In this 
distance it is characterized by many islands, and by bold, sweep
ing curves, frequently impinging upon the hills. Between 
Clarke's fork and the moutli of the Big Horn, the river is from 
500 to 600 yards in width, unobstructed by rapids, and flowing 
with a swift current of some three or four miles per hour. 

Below Big Horn river, to Powder river, the width increases 
to 800 or 900 yards, and the river becomes turbid, resembling 
the Missouri. 

From Powder river to the Missouri the banks are low and 
caving, and the river assumes the characteristio appearanoe of 
the Missouri, containing numerous sand bars, densely timbered 
islands, &0. There are also some rapids and shoals. 

Capt. Raynolds is of the opinion that the Yellowstone can be 
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navigated with boats drawing three feet of water, up to the point 
where it issues from the mountains, from the middle of May to 
the first of August. The floods are neither sudden nor excessive, 
and the river is probably better adapted to steamboat navigation 
than the Missouri, altliough there are difficult rapids at the 
mQuth of Powder river." 

The second chapter, which is also one of great interest to the 
geologist, is confined more especially to the valley of the Mis
sissippi below the junction of the Missouri. It treats of its ge
ology-the artesian well at New Orleans-growth of the river 
banks-changes of the bed-oscillations of the Gulf, and their 
effects upon the lakes and river-tidal oscillations of the river 
-hurricanes and their effects-range of the Mississippi between 
high and low water-elevation above the gulf-of the surface of 
the river-usual succession of stages-dimensions of cross-section 
-yearly amount of rain in the basin-annual discharge of the 
Mississippi and its principal tributaries-ratio between rain and 
drainage in the basin-sedimentary- matter in the Mississippi 
water-matter rolling along upon the bottom-temperature of 
the water-history of the progress of levees in the Mississippi 
valley-levee organization in the different states-dimensions 
and cost of existing levees-the earlier floods and those of 1828, 
1844, 1849, 1850, 1851, 1858, and 1859. But we have room for 
the following extract only, from page 178 : 

" The last and greatest rise in the flood of 1858 occurred at 
the head of the alluvial region, in the month of June. About 
the middle of May, extensive rains llrevailed in the Ohio valley, 
and occasioned much damage by flooding the small streams. 
They also prevailed west of the Ohio basin and caused a rapid 
rise in the lower tributaries of the Upper Mississippi and Mis
souri. These rains continued, especially in the states of Ohio, 
Indiana, Illinois, and Missouri, raised the Miami, Wabash, and 
Illinois rivers to unpreceden,ted heights, and filled all the lower 
tributaries of the Missouri. The usual June rise of the latter 
river, occasioned by the melting of snow in the Rocky moun
tains, and the spring and early summer rains along its course, 
arrived just in time to contribute its waters to the general flood. 
With the Ohio and Mississippi both in full flood, the torrent 
which poured into the 'alluvial region by the river itself and 
througIi the swamps above Columbus, was immensely greater 
than in any of the earlier rises of the year, and second to none 
of which we have records. For seven days (June 16-22) it 
amounted to 1,475,000 cubic feet per second. It inundated the 
city of Cairo. It washed away miles of the insignificant levees 
along the St. Francis front, and poured rapidly into the bottom 
lands of that river, which were already deeply overflowed from 
heavy rains and from the crevasses of the April rise. So small 



188 Physics and Hydraulics of the Mississippi River. 

was the actual reservoir capacity of that region that the chan· 
nels of the six large bayous, and of the St. Francis itself, were 
insufficient to give water-way to the flood, returning to the Mis
sissippi. For miles above Stirling, it poured over the banks 
themselves, washing the remains of the levees into the river. It 
passed like a great wave through the swamp, causing the deep
est overflow ever known. Collecting again, in this manner, at 
Helena, in about two weeks after it entered the alluvial region, 
it poured with renewed force upon the lower country. In the 
White-river swamPrs, the same conditions existed as in the St. 
Francis bottom. The Yazoo and Tensas bottoms, on the con
trary, were comparatively empty, owing to the general resistance 
of their levees in the former rises, and served in some degree as 
reservoirs to diminish the height of the flood below. The for
mer was deeply inundated, although the Yazoo river was return
ing more than 125,000 cubic feet per second during the whole 
rise. The latter escaped almost entirely, its bayous being suffi
cient to carry off the limited amount of crevasse water, and dis
charge it into Black river, whence it passed down bayou Atcha
falaya. Below Red river landing, the levees remained unbroken 
except at the Belle and LaBranch crevasses which submerged 
the country between the Mississippi and bayou LaFourche. 
Fortunately, the upland tributaries below the Ohio were all low 
during this great rise, for to this circumstance alone is due the 
escape of the lower country from general overflow. 

The June rise terminated the flood. At the head of the allu
vial region, the river fell rapidly to low-water mark, being only 
retarded by a slight rise whic1i occurred in July. The water 
that drained from the great St. Francis and Y &zoo bottoms main
tained the flood discharge at points below them for about six 
weeks; after which the lower river also sp.bsided rapidly to its 
lowest stage for the year." 

The thUd chapter presents the state of the science of Hydraul
ics as applied to rivers. The topics are the early history of hy
draulics-epoch of Gugliemini-era of modern experimental 
investigation-new system of notation-various methods of 
measuring the velocity of rivers-velocity below the surface in 
any given vertical plane-horizontal curves of velocity-true 
mean velocity, and the methods of various authors for obtaining 
the true mea.n velocity of rivers. 

" The solution of that great problem, the best method of pre· 
venting the overflows of the Mississippi, exacted difficult meas· 
urements and extremely intricate computations. In connection 
with it, a careful examination of all writings upon hydraulics 
that were within reach was made, to ascertain precisely the pres
ent state of that science; a list of the frincipal publications 
upon the subject, with a brief synopsis 0 those parts of their 
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contents that are connected with the present problem, has been 
prepared for future reference. It will be found from this that 
the laws which govern the flow of water in natural channels 
were only partially and imperfectly developed; but, as a knowl
edge of those laws was essential to the determin~tion of the 
plans of protecting the Mississippi valley from inundation, the 
lnvestigations of the Delta Survey, conducted with that object, 
in accomplishing it, have necessarily contributed to the advance
ment of hydraulics. An account of these investigations will be 
presented in full detail in the two following chaJ>ters. This cha~
ter is devoted to a brief notice of published works, which IS 

partly original and J>artly compiled from similar notices by 
Rennie, Lombardini, Storrow, and others, and from various en
cyclopredias. " 

The following are some of the subjects discussed in the fourth 
chapter on the method of guaging the Mississippi, its tributaries 
and its crevasses :-Method of determining dimensions of cross
section-method of conducting velocity measurements-compu
tation of discharge, neglecting change of velocit~ below the 
surface-investigation of sub-surface curve of veloclty-same of 
the horizontal curve-parameter law deduced-equation for 
mean of whole vertical curve-locus of maximum velocity below 
the surface-system of interpolating discharges-method of 
transferring measured discharges, &C. 

Chapter fifth treats of the experimental theory of water in mo
tion-application of the new laws to the guaging of rivers by 
measurement-application of the new laws to the guaging of 
rivers by formuloo, &c.; chapter sixth, protection against the 
floods of the Mississippi; chapter seven, Delta of the Missis
sippi; chapter eight, mouths of the Mississippi-bars at the 
mouth and plans for increasing the depths of the bars, &c. 

The preceding extracts convey but an inadequate idea of the 
extent and importance of this work. Many portions of it can
not be properly appreciated except by those who }>ossess a pro
found knowledge of mathematics and general physics. We 
shall take care to transfer to our pages under the proper heads 
the new physical constants and formulre which the Report con
tains. There is much however in regard to the floods, velocity 
of currents, amount of sediment conveyed by the river, and the 
superficial deposits of the Valley of the Mississippi and its tribu
taries, which cannot fail to aid greatly the researches of the ge
ologist as well as the physicist. The volume itself is a model of 
systematic arrangement, clearness and beauty of typography, and 
is singularly free from typographical errors. It would add much 
to the credit of the general government if this volume could be 
used as a model for the style of its future scientific and military 
publications. 




